The effects of food restriction on immune function was investigated in germfree (GF) and specific pathogen-free (SPF) mice. They were maintained from five weeks of age under either full-fed or food-restricted conditions to 4.5 grams per day (equivalent to approximately 80% of full-fed intake) of a commercial diet. Longest survival rate was attained in food-restricted SPF mice followed by food-restricted GF, full-fed GF, and full-fed SPF animals. Food-restricted GF mice showed shorter survival rate than their SPF counterparts. This result suggests that food restriction may be just as effective as GF status for extending life span. Immune function declined significantly with age in full-fed groups of GF and SPF mice. In both foodrestricted GF and SPF mice, mitogenic response to concanavalin A or lipopolysaccharide and antibody response to sheep red blood cells were lower early in life and became higher later in life as compared with full-fed mice. Hence, the maintenance of effective immunological function until old age may be the reason for food-restricted groups to live slightly longer than full-fed groups.
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We are currently conducting a long-term study on aging in germfree (GF) mice. GF animals are believed to be suitable models for aging research because mortality is not affected by microbial infection. Gorden et al. [3] reported that GF mice outlived conventional (CV) mice. Pollard and Wostmann [15] showed that full-fed GF Lobund-Wistar (L-W) rats outlived their full-fed CV counterparts. Hence, it was considered that the longer life span of the GF animals may be due to unique characteristics of the GF state.
It is a well-known fact that food restriction started either early in life or in adult life markedly increases both mean and maximum life span [1, 9, 17, 27, 30] , reduces incidence and delays onset of cancer and other late-life diseases [2, 10, 18, 22, 27, 30] in rodents. From these results, it appears food restriction affects basic mechanisms of the aging processcommon to these rodents.
It is now well recognized that the activity of the immune system declines with advancing age [11] . It is also known that food restriction produces striking effects on immunological function [4, 5, 8, 291 . Old rodents subjected to restricted diets since weaning show stronger immunological responses than age-matched full-fed controls [26, 28] . Very few reports describe the aging processes in GF animals subjected to food restriction from weaning through their usual or extended life spans [19, 201 . Not surprisingly, there have been no studies on the relationships between the effects of GF status, food restriction and immune functions in aging animals . The present study was designed to examine the effects of food restriction on the immune responses of aging GF mice.
Materials and Methods
Mice and diets : Four-week-old GF and specific pathogen-free (SPF) male ICR mice were purchased from CLEA Japan Inc., Tokyo, Japan. GF mice, reproduced and maintained in plastic isolator systems, were free of detectable microflora.
The SPF mice were maintained in air-conditioned standard animal room quarters. Full-fed mice (GF-F and SPF-F) were housed three to a plastic cage while food-restricted mice (GF-R and SPF-R) were housed individually in small steel cages. All animals were provided with laboratory diet (CL-2, CLEA Japan), tap water, bedding and cages, sterilized by steam. Intake was restricted to 4. for food-restricted mice were significantly higher than those of full-fed mice (p <0 .01).
Mitogen responses : The effects of food restriction on the responses of spleen cells to Con A and LPS in both GF and SPF mice are shown in Figs. l and 2. At 25 weeks of age, the SPF-F mice showed more vigorous proliferative respones to Con A and LPS than the SPF-R mice (p<0.01). This difference was also seen in GF mice in response to LPS (p<0.01), but not to Con A. In both GF and SPF mice, mitogen-induced T-cell and B-cell proliferation decline sharply with age in full-fed mice, whereas the splenocytes of food-restricted GF and SPF mice exhibited the highest rates of proliferation at 40 weeks of age.
In vitro PFC responses : Figure 3 shows data comparing the number of PFC generated in spleen cell cultures from full-fed and foodrestricted GF and SPF mice after in vitro spleen cell stimulation with SRBC. Spleen cells from 25-weeks-old full-fed mice developed higher numbers of PFC by in vitro stimuation than those obtained from the food-restricted mice. However, starting at 40 weeks of age, a marked decline was seen in this response, whereas at 40 weeks of age, spleen cells from GF-R and SPF-R mice showed a high response to SRBC in the in vitro assay before declining in further weeks.
Discussion
In the present study, we have shown some effects of GF status and mild food restriction on the aging process. In this experiment, GF-F mice survived longer than SPF-F mice. This results was in agreement with that of other investigators [3, 15] . The longer life span of the GF-F mice may be explained in part by the absence of infectious disease. In both GF and SPF mice, food-restricted mice (to 80% of fullfed controls) survived longer than full-fed mice. This results was in agreement with Snyder et al. [19, 20] reporting longer survival for food-restricted GF and CV rats than their full-fed counterparts.
However, contrary to expectations, the life span of the GF-R mice was shorter than that of the SPF-R mice in our study. Our data indicate that survival was enhanced to a greater extent by food restriction alone than by the combination of GF status with food restriction.
In the study presented here, in both GF and SPF mice, mitogenic responses to Con A and LPS reached to a peak later in life in food-restricted mice. They showed lower PFC responses early in life and generally higer later on as compared with the full-fed rodents. These findings agree with the conclusions originally drawn by Walford et al. [23] that food restriction can delay age-proportional decline in immune function and extend life span. Our data indicates that diet restriction may be delaying maturation of the immune system, extending youthful immunological function in both GF and SPF mice.
The immune system plays an integral role in the defense of the body against microorganisms and neoplasms. Advancing age produces declining immunoresponsiveness. There is an increased incidence of malignancy and age-related disease that occurs with immunological senescence [6, 7, 11, 241 . It has been demonstrated that reduction of the food intake in rats extended life span with concomitant reduction of spontaneous tumors [22, 27, 291 . Pollard et al. [14] reported that food restriction reduced the incidence of methylazoxymethanol-induced intestinal tumors. Another investigator, Weindruch et al. [27] has suggested that the immunological consequences of food restriction may contribute to effects on longevity and late-life spontaneous cancer. Our data indicated tendencies of higher immunological function in old age amomg the foodrestricted mice who also subsequently outlived their full-fed counterparts. This supports the explanation that stronger immunological functions in such old mice probably work to inhibit incidence of tumors and other age related diseases.
The mitogenic and PFC responses of GF mice were seen to both peak and remain lower than those of SPF mice. This data is in agreement with Webb et al. [25] and Ohwaki et al.
[131. The reason for this lower responsiveness to immune function in GF mice is not clear, but it may concern with the absence of bacterial flora in GF mice.
GF-F mice outlived SPF-F mice, but GF-R mice had shorter life span than the SPF-R mice. We are thus faced with the question, why the combination of GF status with food restriction did not prolong the life span of mice compared to food restriction alone. The reason for this discrepancy is not clear, but one possible consideration is that the lower immunological activity in old GF-R mice is probably not sufficient for inhibiting incidence of spontaneous tumors. This notion seems in agreement with the report by Pollard and coworkers [16] who showed spontaneous tumor development in aging CV-F L-W and CF-F L-W rats, but less incidence in food-restricted CV-R L-W rats.
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